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From Fields to Landscapes: Effects of Agricultural Land Use and
Landscape Heterogeneity on Farmland Birds

Abstract

Farmland biodiversity has declined because of agricultural intensification. Agri-environment
schemes (AESs) seem to have limited effect in stopping and reversing declines. Reasons for this
lack of effect could be: (1) failure to target important habitats, (2) the effects of schemes are
strongly context-dependent, and (3) the effects are measured at the wrong spatial scale. Evidently,
we still need more information about the relationships between agricultural land use and
biodiversity at local and landscape scale. I investigated how patterns in habitat-specific abundance
and species richness of farmland birds related to land use in 37 arable field dominated landscapes
(25 km?). The aim of the study was to establish if agricultural land uses, non-crop habitats and
AESs are linked to high species diversity or abundance of birds in open plains of southern
Sweden. First, I found a clear switch in crop-specific densities (from autumn- to spring-sown) of a
farmland specialist species, the skylark (4lauda arvensis), during the breeding season and this
temporal change depended on region. Second, I found that farmsteads had higher species richness
and abundance of birds compared to semi-natural pastures and infield non-crop islands. The
presence of farm animals increased bird diversity and abundance at farmsteads. Furthermore,
densities of non-crop nesters at farmsteads increased with increased average field size of the
landscape, showing that farmsteads are especially important bird habitats in arable plains. Third, I
showed that payments for AESs target important habitats for birds in the region. AESs for
cultivated grasslands, semi-natural pastures and management of landscape elements with nature-
culture values related positively to species richness or abundance of birds. Landscape level uptake
of organic farming did show effects on local species richness depending on the composition of the
landscape. Fourth, I showed that heterogeneity of crop cover at the 25 km” scale did not relate to
species richness (with the possible exception of field-nesters in the most simplified landscapes).
Total species richness of field-nesting species declined in heterogeneous landscapes with more
non-crop cover. Farmland plains are important for farmland birds, but variation in species
richness there can be found at the beta and gamma levels rather than at the alpha level. My study
shows that, biodiversity patterns need to be considered at different spatial scales when designing
and evaluating conservation management in farmland.
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conservation, habitat selection, farmsteads, autumn-sown crops, semi-natural pastures,
diversity partitioning
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1 Introduction

1.1 Biodiversity in farmland ecosystems

Agricultural land in Europe is extremely important not only for food
production but also ecologically as it covers nearly 50% of the continent’s
surface area and half of the continent’s species utilise farmland habitats (Stoate
et al., 2009). However, populations of a number of organism groups have
declined in farmland and consequently many species are now of conservation
concern (Tucker & Evans, 1997; Krebs et al., 1999; Wilson ef al., 1999). These
trends have prompted more than two decades of intensive research focusing on
an important question: How can we halt and reverse population declines of
farmland species? Thus, various conservation measures have been introduced
to mitigate negative effects of agricultural intensification on biodiversity, but
their efficacy is uncertain (Kleijn e al., 2011). Agri-environmental schemes
(AES, the main conservation tools in agro-ecosystems) do not appear to be
providing expected biodiversity gains (Kleijn et al., 2006; Whittingham, 2007,
2011) and historical land use changes, species’ habitat associations and the
effectiveness of conservation measures seem to vary among regions or
landscape types (Wretenberg et al., 2006, 2007; Whittingham et al., 2007,
Batary et al., 2011).

In European farmland some of the most familiar and common species have
declined, notably farmland birds (Chamberlain & Fuller, 2000; Gregory et al.,
2005; Wretenberg et al, 2006). Skylarks, lapwings (Vanellus vanellus),
starlings (Sturnus vulgaris), house sparrows (Passer domesticus), swallows
(Hirundo rustica) and others are all species that have followed human
cultivation of the land. They forage and breed in the fields, farmsteads or
remaining patches of semi-natural habitat, but populations of many of these
farmland bird species have declined in large parts of Europe, in many cases by
over 50% between the 1970s and 2000 (Gregory et al., 2004; Wretenberg et



al., 2006). This is a cause of wider concern as birds are considered good
indicators of environmental “health” because they are dependent on many
other organisms for their survival, such as invertebrates and weeds (Wilson e?
al., 1999; Gregory et al., 2005). Thus, if modern farmland cannot support
viable populations of common bird species that are most well adapted to the
ephemeral and dynamic resources in heavily modified agricultural
environments the pressures on many other species are likely to be intense (Pain
& Pienkowski, 1997). Furthermore, if common species decline so do the
ecosystem services they provide (Wilson et al., 1999; Whelan et al., 2008).

1.2 Agricultural intensification and birds

Birds that use farmland during the breeding season are a diverse group, ranging
from farmland specialists that both nest and forage in agricultural fields to
species that nest in non-crop habitats (such as farmsteads, woodland edges and
shrubby field margins) but depend on open fields for foraging. Furthermore, a
number of species that mainly breed in other biomes also use farmland, for
example during migration (Dénhardt et al., 2010). Therefore, these species
have varied ecological needs and a number of changes have been identified in
northern European agricultural areas that might be responsible for declines in
populations of farmland birds (Krebs ef al., 1999; Stoate et al., 2001; Newton,
2004; Donald et al., 2006; See Butler ef al., 2007; Wretenberg et al., 2007), for
example:

» Changes in crop fields associated with efforts to raise yields, including
autumn sowing, use of taller, denser and faster growing crop varieties,
increased use of fertilizers and pesticides, and consequent reductions in
the need for crop rotations.

» Increases in field size and losses of field margins, e.g. surface ditches
and hedgerows.

» Polarisation of farming systems, e.g. the specialisation in annual crop
production in some entire regions and animal husbandry in others.

» Intensification of grassland management leading to losses of semi-
natural pastures, increases in grazing pressure, denser swards and more
frequent mowing.

» Extensification and abandonment: loss of open farmland through
ecological succession of unmanaged fields and dominance of ley
farming in less productive regions.

All of these changes have synergistically reduced habitat heterogeneity in
farmland (Benton et al., 2003), and consequently the variety of resources
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available to a number of bird species that depend on it. Extensification of
farming and farm abandonment have been identified as potential causes of
biodiversity declines in less productive regions (Wretenberg et al, 2007,
2010).

1.3 Changes in Swedish agriculture

Wretenberg et al. (2006) presented data on the major changes in Swedish
agriculture during the last three decades of the twentieth century. This was a
time period of pronounced declines in farmland bird populations (Benton ef al.,
2002; Gregory et al., 2004; Wretenberg et al., 2006, 2007). Wretenberg et al.
(2006) also showed that farmland bird populations in Sweden and the UK had
similar temporal patterns although the agricultural intensification patterns
differed. For example, in the UK a much discussed change in agriculture that
could be causally related to the declines is a switch from predominant use of
spring-sown cereals in the 1950s to almost entirely (90%) autumn-sown cereals
in the 1990s (Pain & Pienkowski, 1997).

In contrast, in Sweden the area of arable land used for autumn-sown cereals
did not change markedly between 1970 and 2000 although areas of both arable
land and spring cereals declined. Therefore, the proportion of remaining
farmland used for autumn-sown crops has increased, but certainly not to the
levels in UK farmland. Changes in crop sowing time have also varied among
regions in Sweden, notably autumn-sown crops account for larger proportions
of cereal cover on the productive plains than in other regions (Jansson, 2011).
In addition, yields (kg/ha) have increased for cereals such as autumn-sown
wheat, spring-sown wheat and spring-sown barley (Fig. 1).

8000
Figure 1. Changes in yield (kg/ha)
in three crop types between 1970
and 2011. Black circles = autumn-
sown wheat, grey circles = spring-
sown wheat and open circles =
spring-sown barley. Lines are fitted
to aid visualisation and have not
been evaluated statistically.
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Furthermore, between 1970 and 2000 the area of semi-natural pastures
declined from 700 000 ha to 550 000 ha in Sweden (Wretenberg et al., 2006),
possibly because of both ecological succession to scrub or woodland and
conversion to more productive, fertilized grasslands. One of the most dramatic
changes in farmland has been a steep decline in the number of farm holdings
with cattle, for instance between 1970 and 2000 the number of holdings with
cattle in southern Sweden decreased from around 80 000 to less than 30 000
(Wretenberg et al., 2006).

farms) between 1970-2011.
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As shown in Figure 2, the steep decline has continued to the present day.
However, the number of cattle has not declined as steeply (Fig. 2). These
trends suggest that stocking rates of remaining animal farms have increased,
contributing to the polarisation of farming practices at both farm and landscape
levels. Accordingly, between 1970 and 2000 numbers of small, medium-sized
and large farm holdings (covering 2.1-20 ha, 20-50 ha and >50 ha) declined
markedly from 110 000 to 40 000, less sharply from 30 000 to 20 000, and
almost doubled from 10 000 to 19 000, respectively. The steep decline of small
farm holdings has resulted in marked changes in farmland for three main
reasons. Previously open farmland is no longer managed and becomes scrub or
woodland. The same management regimes are applied to large areas of arable
land or pastures, and structures associated with active agriculture (barns,
paddocks, manure heaps, crop and animal feed storage facilities) disappear
when farmsteads stop being used for active agriculture and are solely used as
homes for people.
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1.4 Nature conservation in farmland

Declines in biodiversity and environmental degradation in European farmland
have led to the introduction of various AESs (including schemes to promote
organic farming) intended to minimize the impact of agricultural food
production on environments and farmland species of special conservation
interest (Kleijn & Sutherland, 2003). All EU member countries are obliged to
formulate and implement agri-environment programs (Kleijn et al., 2006),
which should be tailored to meet country-specific environmental threats, needs
and policies (Josefsson, 2012). However, the schemes’ effectiveness in
promoting biodiversity appears to have been highly variable. Indeed, they have
reportedly had positive, negative or no effects on various biodiversity measures
(Bengtsson et al., 2005; Kleijn et al., 2006). They often have the clearest
positive effects when conservation actions are implemented for specific species
with well-established causes of declines (Aebischer et al., 2000; Peach et al.,
2001; Vickery et al., 2004) or for specific habitats where required management
practices can be easily prescribed, e.g. mowing and grazing of grasslands
(Batary et al., 2010).

The failure of AESs to increase biodiversity more generally has been
previously discussed (Whittingham, 2007) and several contributory factors
have been identified. Firstly, they may be implemented in areas where target
species groups do not occur. Secondly, areas they cover may be located far
away from other required habitats, thereby spatially decoupling habitats for
species with multiple habitat requirements. Thirdly, AESs have reportedly had
mixed effects on population-level processes and they are not always
implemented at a spatial scale that benefits populations of target species
(Davey et al., 2010; Baker et al., 2012). Lastly, but equally importantly, their
effects on biodiversity differ between landscapes and regions (Whittingham et
al., 2007; Davey et al., 2010; Batary et al., 2011).

The uncertainty regarding the effectiveness of AESs strongly indicates that
every country must regularly evaluate their schemes to identify those that are
effective, and the species they are promoting. For this, governments must have
information on the habitats (defined in terms of land uses and landscape
elements) that are important for biodiversity in farmed ecosystems, not only in
semi-natural and particularly species-rich areas but also in wider landscapes
dominated by intensively managed farmland.



1.5 Key knowledge gaps

Agricultural practices, land use changes and crop phenology differ among
European regions and even within farming regions of the same country
(Whittingham et al., 2003; Wretenberg et al., 2006; Baldi & Batary, 2011).
Thus, relationships between agricultural land use and biodiversity will
probably be strongly context-specific, as will effects of conservation measures
(Batary et al., 2011). For example, crop types that provide poor habitats in one
region might be less problematic or even provide rich habitats in other regions
(Whittingham et al., 2003; Stoate et al., 2009) due (for instance) to effects of
variations in climatic or edaphic conditions on their growth and development.
In addition, non-crop habitats may be beneficial for some farmland bird species
(Fuller et al., 2004; Herzon & O’Hara, 2007; Vepsélédinen et al., 2010), but
disadvantageous for others (Pickett & Siriwardena, 2011). Furthermore, the
changes in agriculture that have caused declines in farmland biodiversity vary
between regions (Stoate et al., 2001; Wretenberg et al., 2006; Baldi & Batary,
2011).

A factor that limits our understanding of the ecology of farmland birds in
simplified, intensive agricultural landscapes is that much of our knowledge is
based on studies from western and central Europe. Consequently, we still lack
basic information on the general habitat associations of farmland birds in the
intensive agricultural regions of southern Scandinavia. For example, land uses
such as cultivation of autumn-sown crops are reportedly beneficial for skylarks
in Finland (Piha et al., 2003), but in the UK the switch from spring- to autumn-
sown crops has been implicated as a major driver of skylark declines (Donald,
2004). Thus, key issues to resolve for Swedish researchers and decision-
makers is whether skylarks (and other species) in Sweden prefer or avoid
autumn-sown crops and whether seasonal changes in their abundance in
autumn- and spring-sown croplands are similar to those in other regions (e.g.
Chamberlain et al., 1999).

The effects of semi-natural habitats and low intensity agricultural
production on biodiversity in farmland have received considerable attention
(Part & Soderstrom, 1999; Henderson et al., 2000; Vickery et al., 2002; Batary
et al., 2010; Smith et al., 2010; Wretenberg et al., 2010; Jonason et al., 2011).
However, many farmland landscapes are almost devoid of large tracts of open
semi-natural habitats, and some low intensity farming practices cover only
relatively small areas (statistics from this study & Jansson, 2011). However,
one farmland habitat that is found in most agricultural landscapes, but has
received little attention in discussions of conservation measures, is the
farmstead. Farmsteads provide habitats for various species of conservation
interest. However, apart from anecdotal evidence in management books,
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information on their value for biodiversity in intensive agricultural ecosystems
is restricted to findings of a few studies that focused on small numbers of farms
or single species (e.g. Blanco et al., 1997; Ahnstrom et al., 2008; Griiebler et
al., 2010; von Post et al., 2012).

Because farmsteads provide a large proportion of non-crop habitats in
intensive agricultural ecosystems it is important to establish if they are sources
of biodiversity and if uses of the surrounding agricultural land influence
diversity in them. Furthermore, subsidies amounting to millions of Euros are
paid to farmers to apply wildlife and environmentally friendly farming
practices, but often we still do not know if they target optimal areas to improve
biodiversity. Effects of an AES on biodiversity can only be evaluated by
measuring diversity before and after its implementation. However, knowledge
of the kinds of schemes that target biologically diverse farmland habitats is
needed so policymakers, farmers and conservationists can evaluate national
and international farmland development programs.

A further important factor to consider is that farmland landscapes have lost
heterogeneity at multiple spatial scales (Benton et al., 2003), and restoring or
increasing their heterogeneity by increasing semi-natural land use is likely to
lead to increased biodiversity (Tscharntke et al., 2005). However, in the main
production regions this may not be politically or economically feasible.
Increasing the heterogeneity of crop cover could be an alternative way to
increase habitat heterogeneity with relatively low impact on production (Fahrig
et al.,2011), but it is still unknown if crop heterogeneity at larger spatial scales
is positively related to biodiversity. Furthermore, biodiversity in farmland
landscapes may be more strongly related to non-crop habitats than crop
habitats. Previous studies of heterogeneity have found that species diversity
increases when more habitats are sampled locally (Piha et al., 2007; Billeter et
al., 2008; Haslem & Bennett, 2008; Pickett & Siriwardena, 2011). However,
knowledge is scarce on the importance of habitat heterogeneity around specific
habitats (e.g. non-crop habitats offering nest sites for farmland birds foraging
in fields) in the surrounding landscape.

The Common Agricultural Policy (CAP) of the EU and national farmland
development programs are revised regularly and should consider regional
patterns in agriculture and biodiversity if a successful balance between
production and conservation is to be reached. In addition, there is current
interest in increasing biodiversity in open farmland plains of Sweden (Swedish
Board of Agriculture, 2013) and Swedish environmental goals include
maintenance of biologically diverse agricultural landscapes. Therefore,
addressing the knowledge gaps and questions above is important for evaluating



current conservation and farmland development programs, and planning future
programs, in both Sweden and elsewhere.
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2 Aims

The aims of the studies underlying this thesis were to obtain information that
can facilitate identification of target habitats for conservation efforts in
ecosystems dominated by arable land in Sweden, and assess deviations (if any)
of the ecosystems’ biodiversity patterns from those found in other parts of
Europe. More specific objectives were to explore relationships between the
following factors and both bird abundance and diversity in open agricultural
landscapes:

1.

Crop sowing time (Papers I-IV & Paper V') and crop-specific temporal
patterns in the density of field-nesting species, especially skylarks,
during the breeding season (Paper I & Paper V).

. Low intensity agricultural land use types such as leys, set-aside and

pasture (Papers I-IV & Paper V).

Non-crop habitats such as farmsteads, infield non-crop islands, semi-
natural pastures and field margins (Papers [I-IV & Paper V).

Animal husbandry, contrasting for instance farmsteads with and without
farm animals (Papers II).

Landscape heterogeneity and land use patterns at a 25 km” scale (Papers
I-1V).

AES subsidies for specific land uses, such as organic farming, semi-
natural pastures, leys and management of habitat elements with nature
and cultural values (Paper III).

1. Paper V in preparation: Hiron, M., Berg, A. & Pirt, T. (2014). Relationships between
agricultural land use and farmland birds depend on species, species group and time in the
breeding season.
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3 Methods

3.1 Swedish agriculture & the study system

Farmland covers 10% of Sweden’s land area, and Swedish agricultural
landscapes are sometimes divided into three types: open plains®, mosaic
landscapes (large areas of farmland interspersed with woodland) and small-
scale farms in forested landscapes (Wretenberg et al., 2007). Some areas of
arable plains in southern Sweden consist almost entirely of arable fields,
covering up to 96% of the area, with scattered farmsteads and roads covering
the rest. Ley is the most common agricultural land use at the national level, but
cereals dominate in the productive plain regions (Jansson, 2011). The
landscapes included in the studies were arable plains or farmland-forest mosaic
landscapes (with large areas of contiguous arable farmland) located in the three
most productive agricultural regions: Skane, Gotaland and Svealand (Fig. 4).

According to data compiled for 2009, agricultural land in these landscapes
is predominantly used to produce arable crops (mean coverage, 94%) and
approximately 48% of the arable land is used for cereal crops, 22% for grass,
7% is set-aside and the remaining area supports various broadleaved crops (e.g.
rape, sugar beet and legumes). Autumn-sown wheat is the most widespread
cereal crop, followed by spring-sown barley and oats, which accounted for
44%, 28% and 14% of the total cereal area, respectively, in the study regions in
2009.

2. The use and understanding of the term “farmland or agricultural plain” may not be the same
for a person living in North- or South America and a person from Scandinavia. However, the
Swedish term “sldttbyggd” meaning plain is used both officially and colloquially to describe areas
with large continuous areas of often arable dominated farmland.
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Figure 3. Graph showing the crop sow-time gradient and GIS grid squares showing two of the 37
landscapes (25 km®) at the extreme ends of the gradient, dominated by autumn-sown crops
(green) and spring-sown crops (brown).

3.2 Landscape selection

This study was designed to select count sites covering as full gradients in
habitat quality as possible, at both local scale (i.e. in the proximity of the sites)
and a larger landscape scale (5 km x 5 km). The latter was chosen as a
landscape scale because it corresponds both to Swedish property map squares
(thus facilitating summarisation of geographical data into spatial units) and
roughly to the area that individual birds might move within pre- and post-
breeding dispersal, and for some species during winter (Pickett & Siriwardena,
2011). The coverage of autumn-sown crops is reportedly negatively correlated
to bird diversity in agricultural landscapes (Eggers et al., 2011) and semi-
natural pastures are generally considered important biologically diverse
habitats in farmland. Therefore, correlations between these agricultural land
uses and both the abundance and species richness of farmland birds were
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anticipated, at either local scale (i.e. a few hundred meters around transects and
point count sites) or a larger landscape scale (25 km?). Accordingly, the
selected farmland landscapes covered gradients in both of these land uses.

A number of potential landscapes that met the selection criteria were chosen
using data from the Swedish Board of Agriculture’s GIS layer and database of
agricultural land use during 2006. In further planning, 40 of these landscapes
were selected for detailed consideration (aiming to minimise regional
correlations in land use, e.g. in the proportion of autumn-sown crops) and 37
were subsequently used for bird surveys (Figs. 3 & 4).

3.3 Land use survey

Before establishing bird survey sites within landscapes it was essential to
ensure that the agricultural land use cover was similar in 2009 to that in 2006
(the year when the data used to choose landscapes were collected), and identify
where specific crops were being grown to cover variations in current local land
use in and around count sites appropriately. Therefore, the land use in
landscapes was mapped during field visits between January and April 2009.
Fields were assigned to the following five broad land use classes that could be
seen and distinguished from a distance: (1) autumn-sown crops (cereal or
broad-leaved), (2) spring-sown crops (bare ground or stubble during winter),
(3) cultivated grass with no signs of use for pasture, (4) pasture (divided into
open bush/tree-free or with scattered trees and bushes), and (5) set-aside (land
taken out of production and often non-rotational). Furthermore, structural
habitats known to be important for birds (e.g. stone piles, thorny bushes and
junipers in non-crop islands and pastures) were also mapped. All information
was digitalised in GIS and used for further planning.

3.4 Site selection

One of the main aims was to investigate habitat-specific bird abundance and
species richness and relations of these variables to agricultural land use during
the year of the bird survey, both within the vicinity of the count sites and at a
larger landscape scale. Some bird species only use fields if they are close to
suitable nesting structures, while others avoid tall vertical structures because of
the associated increases in predation risks. Therefore, we surveyed birds in
three common non-crop habitats (farmsteads, n = 438; infield non-crop islands,
n = 155; and bush-rich semi-natural pastures, n = 74). We also counted birds in
fields of the most common crop types (autumn-sown or spring-sown crops, n =

21



338; leys, n = 75; set-asides, n = 25; and cultivated pastures, n = 30), but
selected fields away from vertical structures (see below). We used two
methods for surveying the two bird communities: strip transect surveys for
species that both nest and forage in fields, and point counts for species that are
associated with non-crop habitats but require open areas (such as agricultural
fields) for foraging.

Spring
sown

Autumn
sown

The study system 25 km? Landscape Local

Figure 4. An overview of the study system displaying, from left to right: a map showing locations
of all 37 of the selected 25 km? landscapes in the agricultural regions of Skéne, Gétaland and
Svealand (Milaren basin); field maps showing point and transect locations; and schematic
diagrams of a point count site located by a farmstead and a strip transect in an autumn-sown
arable field. The circles around the point count site correspond to a 100 m radius where birds
were counted within or outside the boundary, and 250 m radius, within which land use at the local
scale was summarised for analyses.

3.4.1 Transects

Transects were placed either within fields or along field margins between two
neighbouring fields of the same land use type (see section 3.4). Field margins
with many trees and bushes were avoided to reduce negative effects of predator
lookouts on the local abundance of field-nesting birds. Transects (median
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length = 250 m, min = 150 m, max = 300 m) were located at least 300 m apart
within landscape plots to avoid doubly counting individual birds, and at least
100 m from houses, woodlands and busy roads to minimise effects of predator
avoidance and human disturbance on habitat selection (Berg & Part, 1994;
Erdos et al., 2009).

3.4.2 Points

Farmsteads were chosen using aerial photographs, digital maps and
information obtained from our land use survey (see above), aiming to balance
the number of farmsteads with and without animal husbandry, and vary the
areas covered by autumn-sown and spring-sown crops around survey points
within each landscape plot. Farmstead points were placed at least 100 m from
woodland or main roads to avoid these habitat structures influencing bird
abundance. The point centres were placed as close to the respective farmsteads
as possible. Points located in semi-natural pastures and by infield non-crop
islands were also chosen (using aerial photographs, digital maps and
information from our land use survey) that were located at least 100 m from
farm buildings and woodland areas. Most (80%) of pastures were not classed
as arable in Swedish land cover maps (i.e. with no recent history of use as
croplands). These pastures are semi-natural and contain scattered trees and
bushes and boulders (ranging from large blocks to small rock piles). Infield
non-crop islands are situated within arable fields and are small, uncultivated
patches of rocks, stone piles or old mudstone pits, often with shrubs and trees.

3.5 Statistics

Poisson or binomial Generalised Linear Mixed Models (GLMMs) were used in
Studies I, II, IIT and V (Figs. 7-9) to analyse count data and species presence-
absence data with nested random effects to account for spatial dependence of
data points (count sites in landscapes). For true Poisson distributions the mean
equals the variance. However, field data often do not meet this criterion
because they are over-dispersed. Thus, when data were considered over-
dispersed, observation level random effects were added to the models to reduce
parameter estimate bias (see Zuur et al., 2012 for a recent description).

No hypothesis testing or stepwise model selection procedures were applied
in any studies summarised in this thesis since important information may be
lost if variables are dropped because a selected significance criterion is not met
(e.g. P < 0.05). Furthermore, assumptions that the final model left after
applying stepwise procedures is the only plausible model may be wrong. In
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many cases (especially when modelling noisy ecological data) a number of
equally likely or nearly as likely models could be the best. This model
selection uncertainty is ignored in stepwise selection and may bias parameter
estimates (Whittingham et al.,, 2006). Multi-model inference (Burnham &
Anderson, 2010) can be used to minimise some of these statistical issues. The
metrics calculated from multi-model inference (relative variable importance,
AAIC, model weights etc.) and adjusted parameter estimates give more
comprehensive indications of explanatory variables that are definitely
important, probably important, potentially important and probably
unimportant. Furthermore, they allow insight and evaluation of the strength of
evidence for all models that could plausibly explain the observed data.

Figures 7, 8 and 9 show results (to be presented in Paper V, in preparation
& not included in the thesis) of analyses of data from the transect survey and
point counts using the basic mixed model structures described in Papers I and
11, respectively, but with different response and explanatory variables.
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4 Results and discussion

4.1 Bird communities in fields and non-crop habitat patches

Skylark was the most common bird species in transects in fields (Fig. 5a),
which is not surprising because this part of the study was designed to
investigate species nesting in fields. The next most frequently observed field-
nesting species were lapwing, meadow pipit (Anthus pratensis) and yellow
wagtail (Motacilla flava flava), although the latter species was observed in
fewer than 10% of transects. Other commonly observed species in field
transects were jackdaw (Corvus monedula), hooded crow (Corvus corone
cornix) and starling. The four most common species counted at farmstead point
count sites were tree sparrow (Passer montanus), jackdaw, starling and white
wagtail (Motacilla alba alba) (Fig. 5b). In contrast, yellowhammer (Emberiza
citrinella), whitethroat (Sylvia communis), wheatear (Oenanthe oenanthe),
linnet (Carduelis cannabina) and whinchat (Saxicola rubetra) were observed
more often in semi-natural pastures and/or infield islands than at farmstead
sites.

4.2 Effects of crop sowing time: spring- vs. autumn-sown crops

Crop type and crop structure influence birds’ habitat choice (Chamberlain et
al., 1999; Wilson et al., 2005; Gilroy et al., 2010; Eggers et al., 2011),
reproductive output and survival (Chamberlain & Crick, 1999). Some species
have been shown to switch crops as field layer vegetation becomes tall and
dense during the breeding season (Gilroy et al., 2010; Eggers et al., 2011).
Autumn-sown crops and spring-sown crops form extremes of a vegetation
height gradient in arable fields, especially in spring and early summer (Fig. 6).
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Figure 5. Percentages of count sites where species were observed. Panel (a) shows pooled data
from the surveys of strip transects in five crop types. Dark grey bars indicate observations within
the strips 50 m either side of the transect line and light grey bars observations outside of the strips
(unlimited distance), n = 527. Panel (b) shows data from the point count survey (non-crop nesting
species only) at farmsteads (dark grey), n = 437; infield non-crop islands (light grey), n = 155;
and semi-natural pastures (white), n = 74. The point counts only include species recorded on at
least two occasions at a site (see Paper II, Methods), but the transect data include all observations
(single and multiple) during the season.

The switch from spring-sown to autumn-sown crops (especially cereals) during
modernisation of farming is regarded as an important contributor to farmland
bird declines in some parts of Europe (Newton, 2004; Butler et al., 2007;
Donald, 2004).

4.2.1 Skylark — a seasonal shift in land use preference

A strong relationship between sowing time, time in the breeding season and
abundance was found for the skylark (Fig. 12c & Paper I), a farmland species
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that both nests and forages in crop fields. Seasonal declines in skylark
abundance in tall autumn-sown crops during the breeding period and
contrasting stable (or increasing) abundance in shorter spring-sown crops have
also been documented in other studies (Chamberlain et al., 1999).

Figure 6. Spring-sown (left) and autumn-sown (right) cereal crops in early June in Svealand,
illustrating differences in habitat structure for ground foraging/nesting birds during the period
when they feed their nestlings. Photo: Sonke Eggers.

However, our study shows that skylarks clearly prefer autumn-sown crops over
spring-sown crops early in the breeding season in the study region. Higher
skylark abundance in autumn-sown crops early in the breeding season has also
been found in agricultural landscapes of south-central Sweden and Finland
(Piha et al., 2003; Eggers et al., 2011). In contrast, skylarks reportedly have
higher abundances in spring-sown cereals throughout the season in lowland
farmland in the UK (Donald, 2004), or no difference that depends on sowing
time early in the season followed by declines in autumn-sown cereals
(Chamberlain et al., 1999). The reason for these differences may be that the
ground is bare in spring-sown fields in Sweden when many skylark territories
are established (late April and early May). Thus, as skylarks require some
vegetation for nest concealment (Donald, 2004), fields with autumn-sown

27



crops that are around 10 or 12 cm high and have sparse ground cover probably
provide more suitable nesting habitat than spring-sown fields with no
vegetation cover.

The relative quality of habitats provided by autumn-sown and spring-sown
crops may also vary with time. Our data show that skylark numbers halved in
fields with autumn-sown cereals over the breeding season, indicating that
habitat quality in them declined markedly, possibly as the crops became tall
and dense. In contrast, numbers were stable in spring-sown cereals (but low at
the beginning of the breeding season). These patterns could be indications of
an “ecological trap” (Battin, 2004) where birds may potentially choose
relatively poor habitats because of differences in vegetation height at the
beginning of the breeding season. On the other hand, birds that nest early (e.g.
in autumn-sown crops) may have higher fitness than later breeders (e.g. in late
growing spring crops) (Oberg et al.,, 2013), Thus, demographic data are needed
for a more detailed evaluation of the habitat quality of spring-sown and
autumn-sown crops in Swedish farmland (see discussion in Paper I).

Skylarks were observed at 97% of the approx. 500 field transects surveyed
(Fig. 5a.), indicating that this species is still very widespread in intensive
agricultural regions. One reason why skylarks are still very widespread and
common in Sweden could be that even in the most intensive farmland
landscapes there is still a mixture of autumn- and spring-sown crops, so at a
landscape scale short vegetation is available throughout the breeding season.
This suggests that ecological perturbations caused by the switch to autumn-
sown crops that have caused strong concern in the UK may be much less
important for farmland bird populations in many agricultural areas of Sweden.
It also has implications for conservation measures. A popular practice of
creating so-called skylark patches in arable fields has been adopted in the UK
(Morris et al., 2004) and Sweden (Sveriges Ornitologiska Forening, 2013).
However, given the coverage of spring-sown crops (with relatively short
vegetation) in many farmland areas in Sweden, creating small unsown patches
in autumn-sown crops may not substantially benefit skylark populations in all
Swedish agricultural landscapes. Results presented in Papers I and IV show
that skylark abundance is higher in autumn-sown cereals, the species’
abundance is not significantly related to areas of spring-sown crops
surrounding autumn-sown crops and the proportional cover of autumn-sown
crops at a landscape scale is not related to the diversity of field-nesting bird
species (of which skylark is a main component). Thus, further research is
required on the effectiveness of skylark patches (and alternative measures) in
different regions (see also Berg & Kvarnbéck, 2011).
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Figure 7. Results from GLMMs using point count data to investigate effects of different land uses
on the abundance of field-nesting birds (red) and non-crop nesters (black) at farmsteads (a) and in
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count centres except for non-crop, which refers to coverage within a 100 m radius (the area where
birds were counted).

4.2.2 Other farmland bird species

Other field-nesting species are also likely to be affected by the time when crop
fields are sown. For example, lapwings have been previously shown to avoid

autumn-sown crops during the breeding season (Berg et al., 1992; Kragten &
de Snoo, 2008) and yellow wagtails switch from autumn- to spring-sown fields
during the breeding season (Gilroy ef al., 2010) in a similar manner to Swedish
skylarks. However, many bird species nesting in non-crop habitats in farmland
are ground foragers and also use crop fields to find food. Therefore, the
contrast in vegetation height between autumn- and spring-sown crops could
affect habitat quality in terms of food availability, and hence the abundance of
ground-foraging species and their species richness as a group (Anderson et al.,
2001). Thus, possible effects of the proportional cover of autumn-sown crops
in the local landscape around farmsteads (a major nesting habitat in farmland
plains) on the abundance and species richness of birds in this habitat were
investigated in further studies (Paper II). No effect of this variable on non-crop
nesting birds was detected, indicating that the coverage of autumn-sown crops
around farmsteads does not significantly affect numbers of either individuals or
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species in them. In contrast, preliminary results (Paper V in preparation) of
surveys of in-field non-crop islands suggest that the proportion of autumn-
sown crops in the vicinity is negatively related to the abundance of non-crop
nesting birds (Paper V, Fig. 7), as previously shown in Swedish farmland
(Eggers et al., 2011). One reason for this contrast between farmsteads and
infield islands could be that more resources are available at farmsteads,
whereas birds nesting in infield non-crop islands might be more dependent on
resources in surrounding arable fields (discussed in Paper II, see also Paper III)
and more strongly affected by field layer vegetation height (see Low et al.,
2010). However, at the 25 km® landscape scale we found no relationship
between the proportional cover of autumn crops and species richness (Paper
V).

4.3 Effects of low intensity arable land uses — cultivated
grasslands and set-asides

Disturbance frequently occurs in annual crop fields during the year. Some
fields that could be used for annual crop production are used as cultivated
pastures, leys or permanent set-asides, which are managed less frequently,
receive less chemical inputs than annual crops and remain under the same
management regime for several years. The absence of annual disturbance (e.g.
tillage and pesticide applications) may allow weeds to establish and promote a
varied vegetation structure (Henderson et al., 2000), which could increase
resource availability for farmland birds (Marshall et al., 2003; Wilson et al.,
2005). In addition, the presence of grazing animals in cultivated pastures may
increase invertebrate availability through grazing, trampling and dung
production (Buckingham & Peach, 2005).

Results from the transect surveys showed that densities of birds were
generally higher in low intensity fields than in annual crop fields (Paper V, Fig.
8). This difference was particularly notable for non-crop nesting bird species,
which were likely to be mainly foraging individuals since transects were
chosen to avoid vertical structures. Furthermore, the density of non-crop
nesters increased during the breeding season in low intensity fields (especially
cultivated pastures, but also leys), suggesting that suitable food items are more
available in them than in annual crop fields. Although cultivated leys and
pastures are less intensively managed than annual crop fields, these grasslands
are managed more intensively than their semi-natural counterparts.
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Figure 8. Results from GLMM analysis of strip transect data to investigate the effects of different
land uses on temporal trends of non-crop nesting species (a-b) and field-nesting species
(excluding skylark as these results are presented in Paper I) (c-d). Panels a & c: black = cultivated
pasture, blue = set-aside, red = ley. Panels b & d: black = spring cereals, red = autumn cereals,
blue non-cereal spring crops

Morris et al. (2001) found that modern intensive grasslands are poor foraging
habitats for yellowhammers. However, it has been shown that low intensity
arable land (e.g. cultivated pastures and set-asides) may benefit birds if they
are otherwise rare in the landscape (Wretenberg et al., 2010). This “rare habitat
effect” may also occur in arable crop fields in grassland-dominated areas in the
UK (Robinson et al., 2001). The increase in land use heterogeneity caused by
the presence of both crop and grass fields could result in habitat
complementation, leading (for instance) to the availability of various seed and
invertebrate resources at different times throughout the year, thus benefitting
species with multiple habitat requirements.
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4.4 Effects of non-crop habitats and habitat elements

Another potentially important aspect of agricultural intensification is the loss
of non-crop habitat elements, such as stone walls, surface ditches and infield
non-crop islands, to allow for more efficient farming practices (Robertson et
al., 1990; Thse, 1995). Although the studies in this thesis were primarily
designed to investigate effects of land use in surrounding fields on habitat-
specific abundance and species richness of birds (i.e. birds in open fields,
farmsteads, infield non-crop islands and semi-natural pastures), the most
constant predictors of bird diversity were measures of non-crop habitat
elements within the local landscapes (Papers II, IV and V, Figs. 7 & 9).

The abundance and species richness of both field-nesting bird species and

species nesting in non-crop habitats were higher in transects along open ditches
than those within fields or along grass margins (Paper V, Fig. 9). Previous
studies have shown the value of open drainage ditches (reviewed by Herzon &
Helenius, 2008) that potentially provide open areas with damp ground where
vegetation-gleaning and soil-probing species can forage. In many farming
landscapes surface drainage ditches have been replaced by subsoil drains when
field sizes have been increased to facilitate more effective farming (Jansson,
2011). In addition, the species richness of non-crop nesters was higher in all
types of margins than in the middle of crop fields (Fig. 9b), clearly suggesting
that removing boundaries (e.g. to create larger fields) negatively affects
biodiversity in field ecosystems. Bird abundance and (probably) species
richness were also higher in fields with AESs for nature-cultural elements (e.g.
old buildings, non-crop islands, open ditches, old tracks and stone walls) than
in fields lacking subsidies for these elements (Paper III).
Clearly these relationships are partly attributable to non-crop nesting species’
needs for non-crop habitat elements for nesting (Fig. 7). This is consistent with
a conclusion in Paper IV that the species richness patterns in this bird group are
influenced by the local abundance of non-crop habitats, but not landscape-scale
cropping patterns. Other studies have also shown that non-crop elements
enhance bird diversity in farmland (e.g. Berg, 2002; Fuller et al., 2004; Herzon
& O’Hara, 2007; Billeter et al., 2008).
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Figure 9. Results from GLMMs using data from strip transects in spring-sown fields to
investigate effects of field margins on the abundance (red) and species richness (black) of field-
nesting species (a) and non-crop nesting species (b). Margin effects were evaluated by comparing
differences in data obtained from transects in margins and the base line category “infield”, i.e.
transects situated in the middle of crop fields.

However, it is important to remember that many field-nesting species might
be negatively affected by non-crop landscape elements, especially vertical
structures that might be used as predator lookouts (Berg & Part, 1994; Suhonen
et al., 1994). Analyses of observations of field-nesting species at non-crop
point count sites showed a negative relationship between bird abundance and
the proportional cover of non-crop habitat at the local level (Fig. 7). The same
pattern was also observed at the landscape scale, as the total number of field-
nesting species was found to be lower in landscapes consisting of larger areas
of non-crop habitats than in more homogeneous agricultural landscapes (Paper
IV). Undoubtedly, the effects of changes in the proportional cover and
distribution of non-crop habitats and habitat elements on the farmland bird
community will differ markedly depending on the breeding ecology of species.
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Figure 10. A simplified farmland landscape in southern Sweden showing the distribution of
farmsteads (potentially important bird habitat) in a landscape dominated by arable fields.

4.41 Farmsteads as hotspots for non-crop nesting bird species

In the productive agricultural plain regions of Sweden farmsteads are
sometimes the main non-crop habitats in a sea of arable fields, as illustrated in
figure 10. Farmsteads include habitat elements such as deciduous trees, bushes,
gardens, barns and other buildings, farmyards and (if animals are present)
paddocks and manure heaps, all of which can be used by birds (Barnard, 1980;
Ambrosini et al., 2002; Fuller et al., 2004; Ahnstrom et al., 2008; Griiebler et
al., 2010).

However, a key issue is whether farmland birds are abundant in farmsteads
in intensive and highly simplified farmland during the breeding season, or they
are largely unoccupied because of a lack of food resources in the surrounding
landscape. Results presented in Paper II show that farmsteads are not only
species-rich in comparison to semi-natural pastures and infield non-crop
islands, but also that the density of individual birds and their species richness
increase in farmsteads as landscapes become more intensive (with larger
fields). This suggests that farmland birds become more concentrated in
farmsteads as landscapes become more simplified (see also Fig. 12b). Thus,
increasing the amount of available resources (nest sites and food availability)
in and around farmsteads could enhance biodiversity even in the most intensive
farmland.

Major changes in Swedish agriculture over the last four decades have
included reductions in numbers of farm holdings in general and farm holdings
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with animals in particular (see section 4.5). Results presented in Paper II also
show that the species richness and abundance of birds were lowest in inactive
farmsteads (presumably now only used as homes for people), intermediate in
farmsteads that are still used for agricultural production and highest in
farmsteads with animal husbandry (see discussion below).
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Figure 11. Observed species richness (a), abundance (b) and beta diversity (c) of 22 farmland bird
species at points of five categories: farmsteads with animals (n = 140), farmsteads where only
crops are produced (n = 107), farmsteads (old farms) with no current active farming (n = 169),
infield non-crop islands (n = 155), and semi-natural pastures (n = 74). Error bars are 95%
confidence intervals. Abundance is expressed as the maximum number of individuals counted at
each site during five survey visits, and beta diversity as an average measure of dissimilarity
(Sorensen’s index) at each site category, with values ranging from zero for complete similarity
(i.e. all sites within each category sharing the same species) to one for complete dissimilarity (no
shared species). Panel d shows species accumulation curves for farmstead sites pooled (solid
line), semi-natural pastures (dashed line) and infield non-crop islands (dotted line). The figure is
used with permission of the publisher.
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4.5 Effects of animal husbandry and pastures

The loss of mixed farming (i.e. both animal and crop production) at multiple
scales from farms and landscapes to regions has been implicated as a
contributor to farmland biodiversity declines (Pain & Pienkowski, 1997;
Robinson et al., 2001; Benton et al., 2003). In some agricultural areas of
Sweden, nearly 80% of farm holdings with cattle have been lost since 1970
(Fig. 2). The decline in the number of cattle has been less acute, indicating that
average numbers of cattle on the remaining active farms have increased,
probably due to increasing specialisation in either crop or animal production.

Local species richness and abundance of birds were higher on farmsteads
(i.e. at the farms) with animals than on both farmsteads where only crops were
produced and former farmsteads where there was no active farming. The main
agricultural land use surrounding farmsteads that related to bird diversity was
pasture, again suggesting that animal husbandry is important for the diversity
of non-crop breeding farmland birds. The availability of safe nest sites at
farmsteads and resource-rich foraging grounds (e.g. pastures, paddocks and
manure heaps) in close proximity is probably very beneficial to farmland bird
species nesting in intensive farmland (Bruun & Smith, 2003; Evans et al.,
2007). The presence of farm animals in farmsteads or pastures in the local
landscape was clearly beneficial for the abundance of starlings, house
sparrows, swallows, and house martins (and potentially beneficial for a larger
number of species, according to model parameter estimates).

Semi-natural pastures have previously been shown to be important bird
habitats in farmland (Part & Soderstrom, 1999; Soderstrom & Pért, 2000;
Vickery et al., 2001; Virkkala et al., 2004). Results presented in Paper III also
show that local species richness increased when the proportional cover of semi-
natural pastures subsidised by agri-environment payments increased in the
neighbourhood. Similarly, the abundance and species richness of farmland
birds was positively correlated with low intensity land uses such as leys,
cultivated pastures and set-asides (see section 4.3, Fig. 8), of which ley and
cultivated pastures are of course connected to animal husbandry. Thus, many
important bird habitats in farmland are both historically and currently
associated with animal production, emphasising that the decrease in animal
husbandry should be viewed as a serious threat to biodiversity in agricultural
ecosystems.
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4.6 Agri-environment schemes

An important issue is the degree (if any) that AESs target the most important
habitats (see e.g. Kleijn et al, 2011). This was addressed by modelling
relationships between agri-environment payments and the local abundance and
species richness of farmland birds (Paper III). The data used were point counts
(in farmsteads, non-crop islands and semi-natural pastures), the areas of
subsidised land uses in the surrounding landscape and other land use variables.
The results showed that the coverage of subsidised leys (with and without signs
of use as pastures) correlated with the abundance and species richness of birds.
Non-subsidised pastures had higher abundance of birds, but not species
richness, while the proportional cover of subsidised semi-natural pastures
positively correlated with both species richness and abundance (see discussion
in Paper III). In addition, land covered by AES for maintenance of elements
with nature-cultural values positively related to the abundance of farmland
birds, providing further evidence that non-crop habitat elements (e.g. old
buildings, open ditches, stone walls, and non-crop islands) are important for
some bird species in farmland.

Organic farming is a land use that is eligible for agri-environment subsidies,
at either the farm or field level. It could potentially increase bird diversity
because of the associated reductions in chemical inputs, which can increase
resource availability for farmland birds by increasing seed and insect
abundance and reducing the density of crop swards (Hole et al, 2005).
However, many organic farms are located in landscapes with relatively high
levels of non-crop elements and/or mixed (crop and animal) farming (Hole et
al., 2005; Gabriel et al, 2009; Norton et al.,, 2009). This can complicate
attempts to disentangle effects of organically managing arable fields from
those of variations in landscape structure and other farming practices.
However, the confounding effects of landscape structure (see also Paper 1V)
and organic farming were minimized by focusing on farmland plain regions
and counting birds in specific non-crop habitats within them.

No positive relationship was detected between areas of organic farming
within 250 m of specific habitats on bird diversity and abundance. This
suggests that although organic farming could provide more resources for
farmland birds in homogenous farmland (Smith ef al., 2010) it did not lead to
higher bird numbers or species richness in the specific habitats surveyed.
However, species richness increased as the area of organic fields increased at
the 25 km” landscape scale, suggesting that high uptake of this AES had a
positive effect at the landscape level (for discussion of AES and uptake scale
see also Dallimer et al., 2010; Gabriel et al., 2010; Whittingham, 2011), but
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only in the most extreme agricultural landscapes consisting almost entirely (>
90% cover) of arable fields.

4.7 Alpha, beta and gamma diversity of farmland birds

Habitat-specific conservation strategies need to take into account the
distribution of diversity between the local (alpha), between-site (beta) and
regional (gamma) spatial scales. This is because in order to enhance
biodiversity it is better to focus conservation efforts on a few farmland habitat
patches with relatively high alpha diversity when there is a general pattern of
high alpha and low beta diversity (i.e. relatively high species richness and low
variation in species richness between sites). However, if there is a general
pattern of low alpha and high beta diversity (i.e. relatively low species richness
and high variation in species richness between sites) it is better to protect many
local patches. Both infield non-crop islands and semi-natural pastures had
higher beta diversity (due to low alpha diversity and relatively high gamma
diversity) than farmsteads in the study region. Thus, sufficient small semi-
natural pastures and infield non-crop islands should be maintained in arable
dominated landscapes to enhance total diversity at a larger scale.

Clearly, many farmland habitat types have high beta diversity. Therefore,
an important diversity component in agro-ecosystems is ignored if only alpha
diversity at a local patch scale is considered when investigating effects of
landscape land use patterns on species richness (Clough et al., 2007; Hendrickx
et al., 2007; Gabriel et al., 2010). Results presented in Paper IV showed that
species richness observed at a local scale (i.e. alpha diversity) did not always
reflect species richness patterns at a landscape scale (i.e. gamma diversity).
Similar numbers of species were detected locally across land use gradients, but
the species pools (gamma diversity) of field-nesting species declined as
landscapes became more heterogeneous in terms of non-crop cover. This
provides further support for the views that some farmland birds respond
negatively to certain elements of landscape heterogeneity (Chiron et al., 2010;
Baldi & Batary, 2011; Pickett & Siriwardena, 2011) and that important
biodiversity patterns might be missed if only alpha diversity is considered
(Clough et al., 2007; Hendrickx et al., 2007).

4.8 Landscape heterogeneity

Many habitats have been lost in intensive farmland, which has led to reductions
in landscape heterogeneity at multiple spatial scales (Benton 2003). Increasing
areas of non-crop and semi-natural habitats in farmland is likely to benefit
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biodiversity in all but the most heavily cleared landscapes, and landscapes
where non-crop habitats are already very common (Tscharntke et al., 2005).
However, in many agricultural regions it will be impractical to create areas of
non-productive land, especially large tracts. Therefore, it has been suggested
that increasing heterogeneity in crop cover could benefit biodiversity without
substantially reducing agricultural productivity (Fahrig ez al., 2011).

Paper IV shows that landscape-level heterogeneity of crop cover did not
generally relate strongly to species richness of farmland birds at a 25 km” scale
in the study region. However, compositional heterogeneity of crops (the
coverage and evenness of different crop types) did seem to relate positively to
the gamma diversity of field-nesting birds, but only in landscapes with the
lowest configurational heterogeneity (i.e. the largest fields). This pattern might
result from field-nesting species preferring large fields (because of predator
avoidance) and requiring diverse crops for foraging. This relationship between
crop cover heterogeneity components and bird diversity requires further
investigation, but studies on the ecology of two field-nesting species, skylark
and yellow wagtail (Wilson et al., 1997; Morris & Gilroy, 2008; Donald, 2004;
Gilroy et al., 2010), support this conclusion.
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5 Conclusions

This study was conducted during the breeding season at specific habitats when
central place foraging (Orians & Pearson, 1979) partly dictates habitat
selection because of the need of good foraging habitats (e.g. pastures) close to
safe nest sites (e.g. deciduous trees and farm buildings for cavity nesters).
When birds are not tied to their nesting habitat they are free to roam, and
resource requirements may change (e.g. from predominantly invertebrate based
to seed based diet). Thus, land use in annual crop fields may be highly
important during the pre-, post- and non-breeding seasons for many bird
species (e.g. Gillings et al., 2005; Baker et al., 2012). However, during the
breeding season in the agricultural plains dominated by intensively managed
annual crop fields, relatively small areas of non-crop habitat or fields managed
with low intensity (compared to annual crops) can provide safe nest sites and
accessible foraging sites for farmland birds.

Thus, land use heterogeneity at the small spatial scale of a few hectares that
provides ecological contrasts (Kleijn et al., 2011) in landscapes with large
proportions of homogeneous, annual crop fields is vital for local bird diversity.
Accordingly, I found that abundance or species richness related to crop sowing
time, low intensity arable land use and semi-natural pastures at a local level.
However, at the 25 km® landscape level the proportional cover of autumn sown
crops, low intensity land uses, or semi-natural pastures was not related to local
habitat-specific bird diversity, or indeed species richness patterns at larger
scales. Thus, it appears that effects of agricultural land uses at larger landscape
scales (across the gradient we studied) on species richness in specific habitats
are small compared to those of land uses in the local environment where
species’ daily resource requirements are met.

Some habitat patches in farmland are characterised by high variation in
species composition and low species richness, potentially because of small
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patch size, variable local environmental conditions and inter- and intra-specific
interactions. When this beta diversity is a significant part of species richness at
a landscape or regional scale (gamma diversity) it is important to recognise that
many “species poor” habitats can, in their sum, maintain a large part of total
biodiversity in a landscape or region. It then follows that planning and
evaluation of conservation measures for farmland birds requires a “many small
streams make a great river” approach — to use the Swedish proverb.

My results show that the accumulated species richness of a guild of field-
nesting birds was highest in the most simplified agricultural landscapes
studied. Therefore, the open agricultural plains should not be completely
forgotten when evaluating and planning conservation measures for farmland
biodiversity and especially not for field-nesting farmland species like skylark,
lapwing, and curlew. Similarly, the farmstead is an important farmland bird
habitat that should not be forgotten, especially not in the agricultural plains.
This is because the density of non-crop nesting farmland birds was highest at
farmsteads in more intensive farmland suggesting that farmsteads are the main
places where these species can find the combination of nesting habitat and food
resources in these landscapes. Furthermore, a general finding that farm animals
and land uses associated with them increase bird diversity in arable crop
dominated farmland suggests that incentives to maintain or increase areas with
mixed farming will benefit many farmland bird species in agricultural plain
regions.

Besides showing that farmland plains are not “biodiversity deserts” I show
that agri-environment schemes target important bird habitats in these
landscapes. Although results covered in this thesis suggest that the effects of
agricultural land use on farmland birds are often strongest at the local scale,
they also indicate that a landscape approach is needed when addressing
conservation of farmland biodiversity. This is because effects of adjacent land
use will increase beta diversity even of the same habitat type and high beta
diversity is also expected between patches of different habitat types such as
open fields, farmsteads, semi-natural pastures and non-crop islands. Therefore,
any conservation actions aimed at farmland birds need to include many habitat
patches and a landscape context.

5.1 Future challenges and questions

The breeding season is one part of the complex life cycles of birds that are
dependent on many habitats over many political borders. Many birds are
migratory and establishing if local conservation actions in Swedish farmland
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will benefit populations at larger scales will be a future challenge. However, a
number of other future research questions have arisen from results and patterns
found in this study. Four of these patterns are shown in figure 12 and are
described below.

» From Paper IV: The positive effects of crop cover heterogeneity
(Shannon index) on field-nesting birds that only starts to become
apparent in the most extreme farmland plain landscapes with large fields
(Fig. 12a). These results need to be scrutinized by increasing statistical
power (i.e. increasing sample size of the most extreme landscapes). An
interesting question is whether certain combinations of crops are better
than others.

» From Paper II: The fact that species and individual density (per unit
non-crop habitat) at farmsteads increases as landscapes become
dominated by larger fields (Fig. 12b). Is this a concentration effect (i.e.
more individuals and species at the few remaining nesting habitat
patches) or are farmsteads in productive plains just top quality habitats
with plentiful resources for many farmland bird species? Furthermore,
does species composition change over this gradient and if so, which
species types are added and removed, respectively?

» From Paper I: Are autumn-sown fields ecological traps or good habitat
for skylarks (Fig. 12c) and other field nesting species? This can only be
tested by collecting demographic data for these species.

» From Paper III: The contrasting effect of increased levels of organic
farming that depends on landscape type (completely open plain — more
forest) (Fig. 12d). Is this pattern due to different land uses being targeted
for organic farming in different landscapes, or to bird community
differences in species composition?
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Figure 12. Patterns for further study (see above). Panel (a) is from Paper IV and shows that crop
heterogeneity (measured as Shannon index) seems to relate the gamma diversity of field-nesting
birds in the study landscapes with the largest average field size, (b) is from Paper II and shows
that individual and species density of farmland birds at farmsteads (black lines and errors)
increases as landscapes have higher average field sizes, (c) is from Paper I and shows that early in
the breeding season skylarks prefer autumn-sown cereals (black circles), over spring-sown cereals
(open circles) and non-cereal spring-sown crops (squares) and (d) is from Paper III and shows that
increased area of organic farming at the landscape scale (25 km?) has different relationships with
species richness that depend on landscape structure — i.e. from open farmland (black) to higher
coverage of woodlands (grey). Figures are used with permission of the publisher where
applicable.
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